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The results of the structural load testing of a unique type of 
steel and concrete composite girder are described. The structural 
system, referred to as a composite Vierendeel girder, is a hybrid 
type which incorporates features of a castellated beam and a 
Vierendeel truss. The performance of the composite girder agreed 
reasonably well with calculated values based on section properties 
for a prismatic beam. Observations indicated web stiffeners were re-
quired on the stub beams to prevent premature failure of the system. 
Failure of the girder was due to concrete crushing over a stub web 
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1. 
I. INTRODUCTION 
Composite beam construction has become an increasingly popular 
type of structural system for buildings in the United States, in the 
eight years since provisions for using mechanical shear connectors to 
tie the concrete floor slab to the steel beam were included in the 1963 
American Institute for Steel Construction Specifications (1). The cur-
rent trend indicates a continual use of these systems. The composite 
steel beam and concrete slab structural system has proven to be a 
reliable and economical alternative to the conventional construction 
method of placing a solid concrete slab supported by steel beams and 
the two structural elements are not interactive. 
A significant amount of research (2,3,4,5,6,7,8,9) has been per-
formed in the last few years to simplify and thus decrease the cost 
of composite beam construction. Examples of this type of design are 
discussed in the textual material. 
This thesis is primarily concerned with the structural load test-
ing and analysis of a unique type of composite girder, designed to make 
optimum use of materials and provide flexibility in locating mechan-
ical, electrical, and other services normally required in the modern 
office building. 
The steel element of the composite girder is a hybrid type since 
it incorporates features of a castellated beam and a Vierendeel truss. 
Numerals in() refer to items in Appendix A. 
Henceforth, any reference to the structure described in this thesis 
will be considered as a composite Vierendeel girder. 
The girder essentially consists of a wide flange steel beam as 
2. 
the bottom chord; short lengths of hot rolled wide flange sections 
spaced intermittently and welded to the top flange of the bottom chord 
to form the web; and a reinforced concrete slab placed on a Cofar steel 
deck and connected to the web members with patented shear connectors 
(Figure 4) to form the top chord. 
The writer acknowledges that the original concept for the girder 
was suggested by Joseph Colaco (10). The girder is designed for use 
in the construction of several high-rise buildings in the City of 
Houston, Texas. The system is presently being utilized in these 
buildings. 
Since the concept is relatively new, and the performance of a 
girder of this type is still uncertain, it was felt that a comprehen-
sive structural test should be performed to investigate its behavior 
under service loads. A prototype system was fabricated and tested in 
the Laboratory of Granco Steel Products Company, St. Louis, Missouri, 
in May, 1970. 
The details of the structural system, the test procedure, and the 
results of the test, are discussed in Section III, V, and VI. The test 
results were analyzed and compared to the calculated theoretical be-
havior. Design considerations were discussed for a system of this type 
3. 
in Section VII. 
The advantages of the Vierendeel composite girder include those 
for a conventional composite beam, resulting in increased stiffness and 
load carrying capacity, provides greater stability as a horizontal dia-
phragm, and increases lateral restraint for the top flange of the steel 
beam. A decrease in the weight of the floor system is reflected in the 
size of the columns required and thus, evidently, also reduces the di-
mensions of the footings. 
Additional saving in steel is realized since the depth of the 
composite section is significantly increased with small increase in 
weight of steel. There is an overall reduction of approximately 25 
percent in the weight of the structural ste~l in the floor system and 
approximately 15 percent in the structural cost of the floor employed 
in buildings for which the Vierendeel composite girder is utilized 
(10). Furthermore, an additional advantage of a Vierendeel composite 
girder is the capability of providing large openings within the depth 
of the girder for mechanical and electrical services, etc. If a rolled 
section with a slab on top is used for the composite beam, duct work 
and piping are normally located below the structural member, thus space 
considerations and floor heights of the building are adversely 
affected. 
The disadvantages that characterize conventional composite beams 
are somewhat similar to the Vierendeel composite girder, since this in-
cludes the additional cost of providing shear connectors to tie the 
4. 
slab to the steel beam. The sensitivity of composite beams to vibra-
tions may be amplified, and since the slab serves as the top flange of 
the structural system, extra care is required in designing the floor 
slab. The Vierendeel composite girder requires the additional fabrica-
tion cost of shop welding the stub beams to the rolled beam bottom 
chordo At the present time the design of a Vierendeel composite 
system is of a pioneer nature, hence more accurate analysis is requir-
ed because usual design tables are not available as that for a conven-
tional composite beam. 
5. 
II. STATEMENT OF PREVIOUS AND CURRENT RESEARCH 
Numerous investigations of conventional composite beams have been 
performed in the last 10 years utilizing various types of steel shear 
connectors to provide the shear connection between the slab and steel 
beam. The studies have been concerned with the effect on the struct-
ural performance of a composite beam for variables such as shear con-
nector size, configuration, determination of their spacing, compressive 
strength of concrete, volumetric unit weight of concrete, amount and 
location of temperature and shrinkage reinforcement, and finally the 
thickness of the steel beam flange being used. 
Feasibility studies have verified that the performance of a con-
ventional composite beam can be reasonably predicted by any simple 
rational analysis and also provides data for safe economical design of 
composite beams. 
Previous work done on conventional composite beams is well known, 
and the writer feels that for the purposes of this thesis it is better 
to review previous work on composite systems with unique features 
which are similar to the conventional composite beam, but incorporate 
elements of the Vierendeel girder concept. 
A, HYBRID COMPOSITE BEAMS 
Several types of hybrid composite beams have been investigated at 
the University of Texas (2,3), The steel section for most test 
6. 
specimens was a symmetrical !-beam, with the top flange and web made 
of A-36 steel, and the bottom flange made of A-441 steel or a high 
strength alloy having a 100,000 psi yield strength. An inverted tee 
section without a top flange, having shear connectors welded to the 
sides of the web, was also used for some specimens. As an outgrowth 
of this investigation, additional studies were made upon the inverted 
T-section with high strength steel utilized in the bottom flange. 
Since the neutral axis in a composite beam of accepted normal 
proportions is near the top flange, the elimination of the top flange 
causes very little reduction in the section modulus or the second mo-
ment of area in the composite section. Likewise the use of the high 
strength steel in the bottom flange of the !-beam yields higher allow-
able stress precisely where the bending stress is maximum. Since the 
top flange is near the neutral axis the bending stress will still be 
well below the allowable stress for a lower strength steel. 
The ultimate moment capacity of aforementioned beams is also 
significantly increased because the resisting internal moment is in-
creased due to high strength steel in the bottom flange. 
The results of such tests showed that hybrid steel sections and 
inverted T-sections in composite beams are indeed feasible and 
practical. The hybrid sections were capable of developing their theo-
retical ultimate moment capacity. Tee sections verified their theo-
retical ultimate moment capacity, particularly when A-36 or A-441 
steel was used. Some specimens failed at about 80 per cent of the 
7. 
calculated ultimate moment in the junction between concrete slab and 
the steel beam. In this case a steel section with a 100,000 psi yield 
was used. 
B. COMPOSITE BEAMS WITH CELLULAR DECK 
An extensive investigation has been conducted at the McMasters 
University (4) in Canada of the performance of stud shear connectors 
with cellular steel deck. The steel deck acts as a permanent form, and 
in some cases is utilized in the analysis as a bottom reinforcement for 
the concrete slab. Since the steel deck is corrugated, the slab is 
somewhat in discontinuous contact with the top of the steel beam. It 
was recognized from the results that the action of stud shear con-
nectors is different with a cellular system compared with a conven-
tional solid slab. 
The above study indicated that the degree of composite inter-
action attained was a function of corrugation geometry. Any height-
width ratio of corrugations is in inverse proportion to composite 
interaction. 
The flexural stiffness and load carrying capacity of a steel beam 
were improved by making them composite with a concrete slab formed by 
a steel deck, however the theoretical ultimate moment capacity of the 
composite section was not reached in any of the fifteen composite beam 
investigations. 
8. 
An additional investigation has been conducted on steel deck 
formed composite beams to correlate and develop recommendations for the 
design of steel shear connectors as a function of the width to height 
ratio of the corrugations (5). Empirical expressions were formulated 
to calculate the effective second moment of area and section modulus as 
a percentage of the same values for a solid slab composite beam. Such 
an investigation provided a critically needed guide for designing com-
posite beams with stud shear connectors and steel deck since no pro-
visions are included for this type construction in the American 
Institute of Steel Construction Specifications (1). 
C. COMPOSITE OPEN WEB STEEL JOISTS 
A unique type of composite open web steel joist has also been 
tested and the results reported (6). 
The shear connection between the slab and steel joist was provid-
ed by extending the web above the top chord of the joist, which when 
encased in concrete ties the two'elements satisfactorily. 
The analysis of the above test showed that stresses in a com-
posite joist can be predicted by simple elastic theory and deflections 
can be predicted reasonably by approximate methods. It was then con-
cluded that actual floor systems constructed using this system were 
feasible and economical and that no particular difficulty was encoun-
tered in their construction. 
9. 
D. DEVELOPMENT OF SHEAR CONNECTORS FOR COMPOSITE BEAMS 
The writer has been involved in preliminary and full scale com-
posite beam testing for the development of three different shear con-
nectors, designed especially for use with a proprietory type of 
composite steel deck (7,8,9). One such shear connector, the trape-
zoidal type, was used in the test specimen described in this thesis. 
Such research has been invaluable in the analysis and evaluation of the 
performance of the Vierendeel composite girder. 
10. 
III. DESCRIPTION OF STRUCTURAL TEST 
A. CONSTRUCTION OF TEST SYSTEM 
The components and dimensions of the test specimen were based on 
the girder design for an actual floor system. The test specimen was 
fabricated within practical limits to conform with the design require-
ments. Pictorial views of the test specimen are shown in Figures 1, 2, 
and 3. The only variation in the test specimen from the actual design 
was the slab width and type of steel used for the bottom chord. 
In accordance with American Institute of Steel Construction 
Specifications for composite design (1), the effective slab width for 
the composite girder was calculated to be 89.5 inches. Due to space 
limitations the slab width used for the test specimen was 60 inches. 
The design for the floor system required a 50,000 psi yield 
strength for the 14WF48 utilized as the bottom chord, however an A-36 
steel beam was substituted because of unavailability of the original 
steel required. 
The composite system was fabricated to be tested on a 38 foot 
9 inch span, center to center of the stub columns (Figures 1 and 2). 
The stub columns were included in the test specimen so that adequate 
bottom chord connections to the columns could be achieved. It is re-
cognized that a continuous column will provide some end fixity to the 
girder in actual construction, however if stub columns were supported 
11. 
on rollers, behavior of the composite girder under loads would be much 
more severe than for the actual design and results of the test would 
be more on the conservative side. 
The first step in fabricating the composite girder was to weld 
support angles to the stub columns and bolt the 14WF48 bottom chord to 
the columns (Figure 5). Short lengths of 16B26's, that form the web 
of the girder, were then welded to the top flange of the bottom chord 
(Figure 5). Five foot lengths of 16B26's, that simulate beams framing 
into the composite girder, were attached perpendicular to the bottom 
chord (Figure 2). A sheet metal channel was placed continuous over 
the web beams to form a closure against concrete leakage. 
Steel decking, which is designed to serve both as a concrete form 
and positive moment slab reinforcement, was placed on the perpendicular 
beams (Figure 3). Trapezoidal shear connectors, designed specifically 
for use with this type steel deck, were welded to the top flange of 
the web beams and also to the beams crossing perpendicular to the 
girder. The resulting system, then, has composite interaction with 
the floor slab. 
Conventional mesh wire reinforcement was placed over the steel 
deck (Figure 3}, and a 5-1/4 inch light weight concrete slab was then 




The concrete mix, by weight, were of the following proportion: 
1 part portland cement; 1.51 parts river sand; 1.51 parts fine ex-
panded shale; and 1.89 parts coarse expanded shale. The wet 
density of the concrete was 109 pcf. The average slump was 2-1/2 
inches, using the standard slump cone test. The compressive 
strength of concrete cylinders, taken at the time the slab was 
placed, was 2670 psi after 6 days of curing and the 3180 psi after 
11 days. 
2. STEEL 
A 14 WF48, A36 steel beam was used for the bottom chord. The 
physical properties were determined from a section cut from the end 
of the beam. The yield strength of the web, bottom flange, and top 
flange are 43,750 psi, 39,500 psi, and 40,150 psi respectively. In 
addition the percent elongation in an 8 inch length, was 27, 28, 
and 28 respectively. The "stub beams", or web of the composite 
girder, and transverse beams were obtained from a 16B26, A36 steel 
beam. 
3. TEMPERATURE AND SHRINKAGE REINFORCEMENT 
The slab was reinforced with 4X4-4/4 welded wire fabric, 
draped between transverse beams. This reinforcement is shown in 
place in Figure 3. 
4. STEEL DECK - COFAR 
13. 
The steel deck used to form the slab was a proprietary type 
(Cofar) combined form and reinforcement. The deck being rolled 
from 22 gage steel conforming to ASTM A446-Grade E Specifications. 
The profile of the deck is 2 inches deep with a 6 inch pitch. The 
top side of the deck can be seen below the mesh reinforcement in 
Figure 3, and the bottom side of the deck can be seen in Figure 5. 
5. PATENTED SHEAR CONNECTORS 
The patented shear connectors (11) used on the specimen were 
designed for compatibility with the steel deck used. The con-
nector is formed in the shape of a trapezoid with two parallel legs 
slanted to an angle of 70 degrees with the horizontal, connected 
together by a horizontal element which spans the ridge of a cor-
rugation (Figure 4). The connectors are designed to resist shear 
in tension and, at least theoretically, must be oriented to lean 
away from the point of maximum moment toward the point of zero 
moment. 
The connectors are formed from 8 gage steel and are 1-1/2 
inches wide, and 3-1/2 inches high. Each leg of the shear con-
nector is welded to the steel beam with a 1/4 inch fillet weld 
14. 
along the width of the leg. 
6. ANGLE CONNECTIONS 
The bottom chord of the Vierendeel composite girder was at-
tached to the stub columns with 4 X 3-1/2 X 3/8 inch web and seat 
angles. The angles were cut from a length of hot rolled mild steel 
angles in stock. The angle sections were drilled for 7/8 inch 
bolts, used to attach them to the 14WF48 bottom chord. The details 
of the angle connection is shown in Figure 5. 
C. INSTRUMENTATION 
1. SR-4 STRAIN GAGES 
Thirteen SR-4 steel gages were used to measure strain at var-
ious locations on the bottom flange and web of the Vierendeel 
composite girder and on the bottom of the steel deck. The location 
of the gages is shown in Figure 6. The measurements obtained from 
only those gages that provided pertinent information regarding the 
beam performance are included in this thesis. Fifteen SR-4 strain 
gages were attached to the concrete slab surface to measure strain 
distribution across the width of the slab. This is illustrated in 
Figure 6. 
15. 
2. AMES DIAL GAGES 
Eleven Ames dial gages were used to measure deflection of the 
composite girder and movement at the shear connection between the 
slab and Vierendeel girder. Locations of these gages are also 
shown in Figure 6. 
IV. PRELIMINARY DESIGN 
Preliminary calculations were made to determine the design test 
loads and strict adherance to the AISC design requirements for com-
posite construction was utilized (1). 
A. DESIGN FOR MOMENT 
The design was based on the following criteria: 
Allowable steel stress = Fb = 24,000 psi 
Unit weight of concrete = w = 109 pcf 
Compressive strength of concrete = f~ = 3000 psi 
Allowable concrete stress = fc 1350 psi 
Modular ratio = n = 14 (12) 
16. 
The Vierendeel composite girder basically consists of two struc-
tural elements; a 12WF48 bottom chord and a concrete slab top chord. 
The intermittent web members were not assumed to contribute to the 
strength of the girder, thus the strength of the system will be on the 
conservative side. 
Calculations for the section properties for the composite girder 
are shown in Appendix B. They are found t o be as f ollows : 
Neutral axis measured from bottom; (yb) = 21.4 inches 
17. 
Second moment of area for the composite section: <1tr) = 5763 in4 
Section modulus to bottom of steel: (Sb) = 270 in3 
Section modulus to top of concrete: (St) = 432 in3 
The steel stress in the bottom flange controlled the design 
moment which was found to be: 
where ML = live load design moment 
MD = dead load moment 
The stress in the concrete at the design moment was calculated to 
be 977 psi, which is considerably less than the 1350 psi allowable con-
crete stress in compression. 
The girder was loaded at quarter points and midspan, where the 
beams frame into the girder (Figure 1). Based on the calculated 
moment, the design load at each load point was 25.2 kips. 
B. SHEAR CONNECTOR DESIGN 
The total horizontal shear to be resisted between the slab and the 
steel beam was determined from the smaller value using the accepted de-
s ign expres sions, which are : 




vh = .85f'A c c 
2 
where vh = total horizontal shear to be resisted between the point 
of maximum positive moment and each support 
As = area of bottom chord steel beam 
Ac = effective area of concrete flange 
Fy = specified minimum yield strength of steel beam 
The first of the two above formulas gave the smaller shear and 
controlled the design. 
The number of shear connectors required each side of the point of 
maximum moment was determined by: 
where N = number of connectors required each side of the point of 
maximum moment 
q = allowable shear load for one connector 
A value of 11.5 kips per connector was used as the allowable shear 
load for the trapezoidal connector. Although previous tests had shown 
that a design value of 16.5 kips per connector could be used in con-
ventional composite beam construction, the above value was reduced by 
approximately 30 percent to insure that failure would not occur in the 
shear connectors. Based upon this calculation, 22 shear connectors 
were required each side of the point of maximum moment. 
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V. TEST PROCEDURE 
The test girder was loaded at the previously mentioned locations 
with hydraulic rams. The loading was applied simultaneously through 
each load point in equal increments. Pressure was applied to the rams 
through hand operated pumps. 
A. TEST OBJECTIVES 
The planned test procedure called for the girder to be loaded to 
design load and loads released, then to 1-1/4 times design load and to 
1-1/2 times design load respectively. Then finally load to failure of 
the system. The objective of such loading procedure was to provide the 
following information: 
a. Residual deflections and strains after loading to a specific 
level af~er the release of the loads. 
b. To determine any changes in the slope of the load-deflection 
curve after several load applications in the elastic range. 
c. To determine the initial yield in the bottom chord of the 
girder. 
d. To determine any deficiencies of design of the structural 
system which might have been unforseen in the original design. 
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e. The ultimate load and associated failure mechanism. 
B. TEST LOADING 
A check calibration of the hydraulic rams after testing indicated 
that the actual loads applied showed insignificant variation from the 
planned loading. The actual testing procedure is summarized as 
follows: 
Test 1 -Load was applied in six increments to 24.7 kips per load 
point, (0.98 times design live load). The load was re-
leased in three increments to zero. 
Test 2 - Load was applied in eight increments to 30.0 kips per 
load point, (1.19 times design live load). This load was 
held for twenty minutes and measuring devices were check-
ed for uniformity, and load was then released in four 
increments to zero. 
Test 3 - Load was applied in nine increments to 38.2 kips per load 
point, (1.52 times design live load). Web crippling at 
the exterior end of an exterior web beam occurred at this 
load level and the load was released in one increment. 
Plate stiffeners were welded to the distorted web beam 
before proceding to the next loading. 
Test 4 - Load was applied in six increments to 40.6 kips per load 
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point, (1.62 times design live load). The concrete 
crushed at this load level above the interior end of the 
same exterior web beam that had previously undergone web 
crippling. The specimen was considered, at this stage, 
to have failed structurally. However, three additional 
loadings were made to observe what the post-testing 
failure action of the beam would be. 
Test 5 -Load was applied in four increments to be 37.1 kips per 
load point, (1.48 times design live load). At this load 
web crippling occurred on the exterior end of an interior 
web beam. It was also noted that the center of the bot-
tom flange, on the interior end of this same web beam, 
was raised off the bottom chord approximately 3/16 inch. 
Before reloading, plate stiffeners were welded at the 
point where web crippling occurred and also on the ex-
terior end of the exterior web beam on the opposite end 
of the girder where no signs of distress had occurred. 
All web beams were also fillet welded to the top of the 
bottom chord along the ends of their bottom flange. 
Test 6 - Load was applied in four increments to 45.4 kips per load 
point, (1.80 times design live load). The concrete dis-
placed upwards at the location where it had been pre-
viously crushed and the girder would not resist 
additional loading. 
22. 
Test 7 - Load was applied through one load point at the end of the 
girder that had shown no previous distress. The load was 
continuously applied until the capacity of the rams 
reached 100 kips. At this load level, the girder appear-
ed to still have capacity to carry additional superimpos-
ed load. 
C. EXPERIMENTAL RESULTS 
The primary test objectives were satisfied by the loading pro-
cedure used. 
Web crippling in the stub beams indicated the need for analyzing 
these members as an integral part of the design of the composite 
girder. This is discussed in Section VII. 
Residual deflection and strain were recorded and were within ac-
ceptable limits. 
There was no significant change in the slope of the load-deflection 
curve after several load applications indicating composite interaction 
between the stub beams and the slab throughout the test. 
The ultimate load and failure mechanism for the test specimen were 
determined, however, various observations indicated the maximum load 
carrying capacity of the girder would have been somewhat higher if the 
webs of the stub beams had been stiffened adequately to prevent web 
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crippling. The initial web crippling of the steel girder may also have 
been premature due to laminations that appeared in the web of the roll-
ed section used. 
Initial yielding in the bottom chord of the girder occurred at 
approximately 40.6 kips per load point in test 4, as indicated by both 
the magnitude of the measured strain and the change in slope of the 
load-strain curve. 
VI. TEST ANALYSIS AND EVALUATION 
A. DEFLECTION 
Vertical deflection of the composite girder was measured under 
each of the three load points. The envelope of the load-deflection 
curves for the first four tests is shown in Figure 7, as measured 
under the center load point. 
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The measured deflection at design load was 0.990 inches 
(span/470). This is less than the normally accepted allowable deflec-
tion under design live load. 
The residual midspan deflection, after release of the load, was 
0.039 inches. This is 4 percent of the maximum deflection and is also 
well within acceptable limits. 
The second loading produced a deflection at design load of 0.993 
inches, an increase of 0.3 percent over the initial design load de-
flection. This negligible increase in deflection indicated continued 
composite interaction between the slab and web beams under successive 
loadings. 
It is indicated in Figure 7, that the load-deflection curve re-
mains essentially linear through three test loadings until a section 
of the slab crushed at 40,600 pounds per load point in Test 4. 
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The theoretical deflection was calculated by a simple analysis, 
(13), for comparison with measured values. Deflection was first cal-
culated assuming a non-prismatic beam with different second moments of 
area through stub beams, and between stub beams (Appendix D.l). This 
method will henceforth be referred to as an "exact" method. 
A second deflection calculation was made assuming a prismatic 
beam with the web members not contributing to the composite section 
and only the bottom chord steel beam and slab used in calculating the 
second moment of area (Appendix D.2). This calculation will henceforth 
be referred to as the "simplified" method. 
The measured deflection at design load in the test (0.99 inches) 
was 0.27 inches greater than calculated by the "exact" method (0.72 
inches) and 0.26 inches greater than calculated by the "simplified" 
method (0.73 inches). The percentage difference between calculated and 
measured deflection was slightly greater than this writer experienced 
when testing conventional composite beams. There are several possible 
reasons for this difference. 
The angle supports between the bottom chord and the stub column 
showed considerable distortion at the end of the test. (Figure 13). 
Evidently there was also some deformation in the support angles at de-
sign load which was not compensated for in the deflection measurement. 
The analysis for deflection did not consider secondary moments in 
the girder, which may be substantial due to the intermittant spacing of 
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web members and high shear forces transferred from the slab through the 
web members to the bottom chord. 
Another consideration is that the composite girder is not a true 
composite member as assumed in the analysis, but, in fact some slippage 
occurs at the interface of the slab and web beams due to the elasticity 
of the shear connectors and deformation of the concrete around the 
connectors. 
A more extensive analysis of the deflection characteristics of the 
girder was considered beyond the scope of this thesis, especially since 
the measured deflection was well within the acceptable limits. 
B. STRAIN 
The strain due to applied load was measured at 28 locations on the 
concrete slab and steel beams. The location of 8 of these gages that 
were pertinent to the analysis presented in this thesis are shown in 
Figure 6. 
The measured strain in the bottom chord of the girder for the 
first 4 test loadings is shown in Figure 8. Gage 4 was located on the 
bottom of the bottom flange; gage 6 was located at mid height of the 
web. These curves are essentially linear through the third test load-
ing, indicating no yielding had occurred in the bottom chord until the 
fourth test loading. 
The measured strain due to applied live load was 800 micro-inches/ 
27. 
inch on the bottom of the bottom flange. This is equivalent to a 
calculated stress of 23,600 psi, assuming a Modulus of Elasticity for 
steel of 29,500,000 psi. The residual strain in the bottom chord after 
release of the load was 40 micro-inches/inch. (5 percent of the maxi-
mum strain). 
The second loading produced a strain in the bottom chord at design 
load of 830 micro-inches/inch, an increase of 3.7 percent over the 
strain measured under initial loading. The third loading again produc-
ed a strain of 830 micro-inches/inch at this location indicating com-
posite interaction between slab and steel beam was being maintained 
under successive loadings. 
The average strain recorded from six strain gages located on top 
of the concrete slab near midspan, is shown in Figure 9 for the first 
three test loadings. The measured strains due to applied live load was 
475 micro-inches/inch. This is equivalent to a calculated stress of 
985 psi, assuming a Modulus of Elasticity for the concrete of 
2,080,000 psi. The residual strain in the concrete after release of 
the load was 40 micro-inches/inch (4 percent of maximum strain). 
The second loading produced a strain in the concrete at design 
load of 490 micro-inches/inch, an increase of 3 percent over the strain 
measured under initial loading. 
The measured strain can be compared to the theoretical strain 
determined from the bending moment calculated in Appendix D.2, and 
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section modulus calculated in Appendix C.7. 
The measured strain in the bottom flange at design load (800 
micro-inches/inch) was 60 micro-inches/inch greater (7.5 percent) than 
calculated by the "simplified" method. The measured strain in the con-
crete at design load (475 micro-inches/inch) was 5 micro-inches/inch 
greater (1 percent) than calculated by the "simplified" method. This 
difference between measured and theoretical strain is well within nor-
mally accepted test variation. 
The recorded strain near the centerline of the composite girder 
at the design load in Test 1, is plotted for the top of the slab, mid 
height of the bottom chord, and the bottom of the bottom chord, in 
Figure 10. A curve fitted to these points indicates the neutral axis 
falls approximately 13.5 inches below the top of the slab. This shows 
excellent agreement with the calculated location of the neutral axis 
which was 13.41 inches below the top of the slab. 
C. SHEAR CONNECTION 
Movement at the shear connection between slab and web beams is 
shown in Figure 11, for slip gages 4 and 5. Gage 4 was located at the 
exterior end of an interior web beam; gage 5 at the exterior end of an 
exterior web beam. 
Gage 4 registered a very small slip which varied linearly with 
applied load through the first three test loadings. Gage 5 registered 
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a much larger slip indicating the shear connectors on the exterior web 
members were resisting more load than those on the interior web mem-
bers. This is consistant with the loading since the shear between the 
exterior load points and the supports is three times greater than bet-
ween the load points. 
The slip at design load, measured on the exterior web member, was 
somewhat greater than that normally measured on a conventional com-
posite beam using the same shear connectors. As discussed in Section 
VI.A., this may have contributed to the measured deflection exceeding 
the calculated value. 
In Test 7, the girder was loaded to produce shear between the load 
point and the support on the opposite end of the girder that had failed 
by web crippling, 20 percent greater than the shear at web crippling 
without distress in the shear connection. This indicates the shear 
connection was adequate and not critical in the failure of the com-
posite girder. 
D. MODE OF FAILURE 
The initial distress in the system was due to web crippling at the 
exterior end of an exterior web beam. A visual examination of this 
member showed laminations in the web portion of the wide flange beam. 
The affect of this apparent deficiency in the rolled member, on web 
crippling of the web beam could not be determined from one test 
specimen. 
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Stiffeners were welded to the web members and the test girder was 
reloaded. On this loading the concrete crushed above the interior end 
of the same exterior web beam that had previously undergone web crip-
pling (Figure 12). A more sophisticated analysis (10) indicated high 
concrete stresses at this location. This was considered a typical 
failure to be expected for the system, however the effect of the prior 
web crippling and resulting shock on the construction could not be 
determined. It is felt that this may have caused concrete crushing to 
be somewhat premature in view of the fact that higher loads were later 
applied to the construction without a similar concrete crushing 
failure at the opposite end of the girder. 
An inspection of the shear connectors after testing and the con-
crete had been removed from the girder showed there were no shear 
connector failures. 
The seat angles attaching the girder to the columns showed the 
"classical deformation" for the angles under this type loading (Figure 
13). No failures occurred in the welds or bolts used to attach the 
clip angles. 
The bottom chord did not show any indication of premature yield-
ing as exhibited by the measurements from the SR-4 strain gage and 
lack of Luder lines on the bottom chord until the fourth loading. 
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VII. DESIGN CONSIDERATIONS 
The result of a single test does not provide sufficient informa-
tion for recommending a general design method for a steel and concrete 
Vierendeel composite girder, however the measured test data and visual 
observations provide a basis for discussing the validity of design as-
sumptions and additional parameters that should be considered. It 
should be noted that the test results may not be representative for 
loads or spans significantly different from the construction tested. 
This, of course, means that the design considerations discussed in this 
section may not be adequate for different spans or loadings. 
Design of the Vierendeel composite girder for moment by AISC (1) 
composite design recommendations is feasible and provides a safety 
factor against failure of approximately 1.6 when an allowable steel 
stress of 0.66 F is used for working load. If a greater safety factor y 
is desired, the allowable steel stress may be reduced accordingly. As-
suming a prismatic beam, with only the slab and bottom chord contri-
buting to the section properties, provides calculated stresses and 
deflections that are in reasonable agreement with measured values. 
The mechanical shear connectors may also be designed by AISC (1) 
composite design recommendations. As many of the total required con-
nectors as possible should be located on exterior web beams. The 
number of connectors located on the exterior beams should not be less 
than 65 percent of the total required. This agrees with the construe-
tion of the specimen tested. 
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The angle connections between the bottom chord of the girder and 
the column should be designed for the total working load shear by con-
ventional methods. 
Observations during the test indicated that web stiffeners were 
needed to prevent web crippling of the stub beams. On the test speci-
men, a 5/16 inch by 2 inch plate welded to the web of the stub beams 
on each side of each end was adequate to prevent web crippling. 
Additional test observations showed the interior ends of the ex-
terior web beams lifted off of the bottom chord during loading. This 
indicated that the ends of the web beams, in addition to the edges, 
should be welded to the bottom chord. 
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VIII. SUMMARY AND CONCLUSIONS 
The analysis and load testing of the Vierendeel composite girder 
reported herein was to determine the feasibility of using this system 
in an actual building design. Since completion of the test, the sys-
tem has been incorporated into several buildings in Houston, Texas. 
The test results showed the feasibility of designing the Vieren-
deel composite girder in accordance with AISC (1) recommendations for 
composite beams. The design for moment should be based on allowable 
stress considerations. The maximum moment resisted by the girder was 
about 75 percent of the calculated ultimate moment capacity for the 
composite girder section. A conservative estimate of the flexural 
moment capacity of the Vierendeel composite girder is the moment at 
initial yield in the bottom chord of the composite girder. 
Before a general simplified design method can be developed for 
Vierendeel composite girders, additional specimens having various 
spans, depths, stub beam spacings, and loadings should be load tested. 
The following observations and conclusions may be drawn from this 
investigation: 
1. The measured def lection of the girder under working load was 
slightly greater than calculated but was well within normally accepted 
limits. 
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2. The measured strain on the bottom chord and on the top of the 
concrete slab showed close agreement with calculated values. 
3. Observations during testing indicated the stub web beams re-
quire web stiffeners to prevent premature failure of the system. 
4. Failure of the girder was due to concrete crushing over an 
exterior web beam. This failure may have been initiated by previous 
web crippling in the same web beam. 
~E------:----:':"'---------=---:-:-- 3 s'- 911 
91-7 11 91- 7 11 
A 
10WF 72 14 SHEAR CONNECTORS 
4x4-4t4 WWF 
C2 SHEAR CONNECTORS 
------lf II 
~~:;;=~ifft~~~~ I s1/4 
22 GA. C2 COFAR 
16826 
~5/1B1 FILLET WELD 
c:;::5 
J4WF48 
SECTION A- A 











. F:i,g·ure 3;. tes.t Specin)tm Dut-ing Construttio(l 
~ (jl~)> 1 POl NT ARROW TO .;o.J 
1 :1.:2 ~ MIDSPAN OF BEAM L.___ ________ __. 
1 ,, 
3~ 
k II 6 
Figure 4. Patented Shear Connector 
38. 
39. 
Fi.&ure 5. Angle Connection Between Bottom Chord and Stub Columns 
LOAD ------:~-- 91- 7 II 
Figure 6. Location of Gages 




- STRAIN GAGES 




































0 1 2 
DEF LECTI ON(IN.) 
3 
Fl:aure 7. Measured Deflection Under Center Load .Point 
42. 
40 -TEST 4 
-(/) 
a.. 





0 GAGE N0.4 
<{ 

















0 400 800 1200 16"00 
STRAIN (MICRO-IN/IN): 
































- TEST 1 
AVERAGE FOR GAGE.S 
20, 21, 22, 23, 24, 25 
0 ----------~------~--------~--------_. __ _ 
0 400 800 1200 1600 
STRAIN (MICRO-IN/IN) 







. AVG. OF GAGES 






STRAIN MEASURED AT DESIGN LOAD -TEST 1 






























· o .02 .04 .06 .08 .10 
SLIP (INCH ES) 
Figure 11. Measured Slip Between Slab and Web Beams 
46 . 




Melvin Crews Oestreich was born on July 19, 1934, in Fulton, 
Missouri. He received his primary and secondary education in Fulton, 
Missouri. He received his college education from Washington University 
in St. Louis, Missouri; the University of Missouri-St. Louis in 
St. Louis, Missouri; and the University of Missouri-Columbia in 
Columbia, Missouri. He received a Bachelor of Science degree in Civil 
Engineering from the University of Missouri-Columbia in Columbia, 
Missouri, in February 1962. 
He has been enrolled in the Graduate School of the University of 
Missouri-Rolla St. Louis Graduate Center since 1965. 
He is a Registered Professional Engineer in Missouri and 
New Jersey. 
He is a member of the American Society of Civil Engineers and the 
American Society of Testing and Materials_ 
49. 
APPENDIX A. REFERENCES 
1. "Specification for the Design, Fabrication and Erection of 
Structural Steel for Buildings," American Institute of Steel Con-
struction, New York, N. Y., 1963. 
2. Troprac, Anthony A., "Composite Beams with a Hybrid Tee Steel 
Section," Journal of the Structural Division, Proceedings of the 
American Society of Civil Engineers, October, 1967. 
3. Troprac, Anthony A., "Static Tests of Composite Steel-Concrete 
Beams," Civil Engineering Department, University of Texas, SFRL 
Report No. 01, February, 1964. 
4. Robinson, Hugh, "Tests on Composite Beams with Cellular Deck," 
Journal of the Structural Division, Proceedings of the American 
Society of Civil Engineers, August, 1967. 
5. Fisher, John W., "Design of Composite Beams with Formed Metal 
Deck," Unpublished report by Nelson Stud Welding Company, No date. 
6. Lembeck, Henry G. Jr., "Composite Design of Open Web Steel 
Joists," Master of Science Thesis at Washington University Sever 
Institute of Technology, Saint Louis, Mo., June, 1965. 
7. Benjamin, I. A., and Oestreich, M. C., Research Department Report 
T-1045-SR, Granco Steel Products Co., Saint Louis, Mo., April, 
1963. 
B. Benjamin, I. A., and Oestreich, M. C., Research Department Report 
T-1254, Granco Steel Products Co., Saint Louis, Mo., May, 1965. 
9. Oestreich, M. C., Research Department Report T-1452, Granco Steel 
Products Co., Saint Louis, Mo., March, 1969. 
10. Colaco, Joseph P., "A Stub-Girder System for Structural Steel 
Floors in High Rise Buildings," Unpublished report, 1971. 
11. Hanson, Richard E., "Shear Connector for Deep Corrugated Steel 
Formed Composite Structure," Patent No. 3,564,799, 1971. 
12. ''Lightweight Concrete Information Sheet," No.5, Expanded Shale 
Clay and Slate Institute, 1963. 
50. 
13. L. E. Farmer, Inc., Computer programs, P. 0. Box 13932, Atlanta, 
Georgia. 
APPENDIX Bo DESIGN CALCULATIONS 
B.l. ASSUMED DESIGN CRITERIA 
A-36 steel 
Yield strength = F = 36,000 psi y 
Allowable steel stress = Fb = 24,000 psi 
Unit weight of concrete = w = 109 pcf 
Compressive strength of concrete = f' = 3,000 psi 
c 
Allowable concrete stress = f = 1,350 psi 
c 
Modular ratio of steel/concrete = n = 14 
Transformed width of slab = bt = ~ = 4.28 in 
Transformed concrete area = At = 4.28 (4.25) = 18.2 in2 
f bt = 4.28" , 
~-4.~~r-~~-s-.tz-5" 
14WF48 
As = 14.11 in2 
Ig = 484.9 in4 
15.65" 
13 . 81" 
51. 
B.2. FIND NEUTRAL AXIS 
Element Area (in2) Yb (in) Ayb (in3) 
Concrete 18.20 32.58 594.0 
14WF48 14.11 6.90 97.5 
~A= 32.31 ~Ay = 691.5 
yb = L: Ayb = 691.5 = 21.4 in 
~ A 32.31 
B. 3. FIND MOMENT OF INERTIA AND SECTION MODULUS 
Element Io (in4) 
Concrete 27.8 
14WF48 484.9 
B • 4. DETERMINE DEAD LOAD MOMENT 
Element Dead Load 
Slab 193 plf 
14WF48 49 plf 
16B26 21 plf 
262 plf 
Ay2 (in4) Total I 
2280 2308 
2970 3455 
Itr = 5763 in4 
sb = 5763 = 270 in3 
21.4 
S = 5763 = 432 in3 
t 13.31 
Hn = WL2 = .262 (38.75) 2 (12) = 590 in-k 
8 8 
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B. 5. DETERMINE LIVE LOAD MOMENT 
M = F S -M 
-L b b D 
ML = 24 (270) - 590 = 5910 in-k 
= 493 ft-k 
B.6. CHECK CONCRETE STRESS 
f =Mf... = 
c 
nSt 
5910 = 977 psi <1350 psi 
14(432) 
B. 7. DETERMINE ALLOWABLE LOAD AT EACH LOAD POINT 
p p p 
fA ~ ~ t 9.583' )te 9.583' c 9.583' * 10.000' 
k >k 38.75' 
Sum Moments about A 
9.583P + 19.166P + 28.749P - 38.75RE = 0 
R = 57.498P = 1.485P 
E 38.75 
Me = 1.485P (19.58) - 9.58P = 19.5P 





B.8. DETERMINE NUMBER OF SHEAR CONNECTORS REQUIRED 
Use design value of 11.5 kips/connector a q 
For Steel Vh = AsFy = 14.11(36) = 254 kips 
2 2 
For Concrete Vh = .85f~Ac = 
2 
Steel Controls 
.85(3)(255) = 325 kips 
2 
N = Vh = 254 = 22 shear connectors each side of point of 
q 11.5 maximum moment 
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APPENDIX C. FINAL ANALYSIS 
C.l. DESIGN CRITERIA 
Unit weight of concrete (28 day air dry) = 106 pcf 
Compressive strength of concrete = 3180 psi 
n = modular ratio of steel/concrete = 14.2 
Transformed width of slab = bt = §Q__ = 4.23 in 
14.2 
Transformed concrete area =At = 18.0 in2 
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C.2. DETERMINE SECTION PROPERTIES OF CROSS SECTION THROUGH STUB BEAM 
A = 7.65 in2 
s 15.65" 
Ig = 298.1 in4 
Yb 
14WF48 
As = 14.11 in2 
13.81" 
Ig = 484.9 in4 ~ 
C. 3. FIND NEUTRAL AXIS 
Element Area (in2) Yb (in) Ayb (in3) 
Concrete 18.00 32.58 586 
16B26 7.65 21.64 165 
14WF48 14.11 6.91 98 
~A= 39.76 ~ Ay = 849 
y = ~ Ay = 849 = 21.3 in 
b ~A 39.76 


















= 6021 in4 
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C.S. DETERMINE SECTION PROPERTIES OF CROSS SECTION BETWEEN STUB BEAMS 
4.23" 
C • 6 • FIND NEUTRAL AXIS 
Element Area (in2) 
Concrete 18.00 
14WF48 14.11 
~A = 32.11 
14WF48 
A8 = 14.11 in2 











~Ay = 684 
y = ~Ay = 684 = 21.25 in from bottom 
b ~A 32.11 
C. 7. FIND MOMENT OF INERTIA AND SECTION MODULUS 





sb = 5732 = 269 in3 
21.25 
Ay2 (in4) I (in4) 
2310 2337 
2910 3395 
Ttr = 5732 in4 
st = 5732 = 425 in3 
13.46 
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APPENDIX D. ELECTRONIC COMPUTER ANALYSIS FOR MOMENT, SHEAR 
AND DEFLECTION 
To provide the required data for analyzing the composite girder 
the span was divided into 93 five inch increments, equal to 465 
inches. This incrementation is considered to be finite values suf-
ficient to provide an "exact" analysis (within the usual scope, as-
sumptions and limitations of structural theory). 
Sections pertinent for programming the required data into the 




0 5 17 23 
93 STA'S @ 5 in = 465 in 
31 38 46 54 61 69 
D.l. CALCULATION ASSUMING NON-PRISMATIC SYSTEM 
75 87 93 
The following computer analysis for bending moment, shear, and 
vertical deflection assumes a non-prismatic beam with second moments 
of area as calculated in Appendix C.2 and C.5. 
The values are calculated for the design live load of 25,200 
59. 
pounds. Shear is given in pounds; moment in inch-pounds; and deflec-
tion in inches. 
60. 
NUM INCREMENTS M - 93 
INCREMENT LGTH H - 5 
MOD OF ELASTICITY E - 3E 7 
IDMS OF INERTIA 
STA THRU STA I 
0 5 5732 
6 17 6021 
18 31 5732 
32 38 6021 
39 53 5732 
54 60 6021 
61 74 5732 
75 86 6021 
87 93 5732 
-1 0 0 
LOADS 
STA THRU STA Q p T 
23 23 -25200 0 0 
46 46 -25200 0 0 
69 69 -25200 0 0 
-1 0 0 0 0 
ELASTIC RESTRAINTS 
STA THRU STA s R 









STA X SHEAR MOMENT DEFL REACTION 
0 0 -1.564E-4 -7.82E-4 0 3.821E 4 
1 5 3.821E 4 1.91E 5 -2 .447E-2 
2 10 3.821E 4 3.821E 5 -4.891E-2 
3 15 3.821E 4 5.731E 5 -7.329E-2 
4 20 3.821E 4 7.641E 5 -9.759E-2 
5 25 3.821E 4 9.552E 5 -.1218 
6 30 3.821E 4 1.146E 6 -.1458 
7 35 3.821E 4 1.337E 6 -.1697 
8 40 3.821E 4 1.528E 6 -.1934 
9 45 3.821E 4 1. 719E 6 - .2169 
10 50 3.821E 4 1.91E 6 -.2402 
11 55 3.821E 4 2.101E 6 -.2632 
12 60 3.821E 4 2.292E 6 -.2859 
13 65 3.821E 4 2.483E 6 -.3083 
61. 
STA X SHEAR MOMENT DEFL REACTION 
14 70 3.821E 4 2.674E 6 -.3303 
15 75 3.821E 4 2.865E 6 -.352 
16 80 3.821E 4 3.056E 6 -.3733 
17 85 3.821E 4 3.248E 6 -.3941 
18 90 3.821E 4 3.439E 6 -.4145 
19 95 3.821E 4 3.63E 6 -.4344 
20 100 3.821E 4 3.821E 6 -.4538 
21 105 3.821E 4 4.012E 6 ~ .4726 
22 110 3.821E 4 4.203E 6 -.4909 
23 115 3.821E 4 4.394E 6 -.5085 
24 120 1.301E 4 4.459E 6 -.5255 
25 125 1.301E 4 4.524E 6 -.5418 
26 130 1.301E 4 4.589E 6 -.5575 
27 135 1.301E 4 4.654E 6 -.5725 
28 140 1.301E 4 4. 719E 6 -.5868 
29 145 
. 1.301E 4 4.784E 6 -.6005 
30 150 1.301E 4 4.849E 6 -.6134 
31 155 1.301E 4 4.914E 6 -.6257 
32 160 1.301E 4 4.979E 6 
-.6372 
33 165 1.301E 4 5.044E 6 
-.6481 
34 170 1.301E 4 5.109E 6 -.6582 
35 175 1.301E 4 5.174E 6 -.66 77 
36 180 1.301E 4 5.239E 6 -.6764 
37 185 1.301E 4 5.304E 6 -.6844 
38 190 1.301E 4 5.369E 6 -.6917 
39 195 1.301E 4 5.434E 6 -.6982 
40 200 1.301E 4 5.499E 6 -.7039 
41 205 1.301E 4 5.564E 6 -.7089 
42 210 1.301E 4 5.629E 6 
-. 713 
43 215 1.301E 4 5.694E 6 -. 7163 
44 220 1.301E 4 5.759E 6 -. 7188 
45 225 1.301E 4 5.824E 6 -. 7204 
46 230 1.301E 4 5.889E 6 -. 7212 
47 235 -1.219E 4 5.828E 6 -. 7211 
48 240 
-1.219E 4 5.767E 6 -. 7202 
49 245 -1.219E 4 5.707E 6 -. 7185 
so 250 -1.219E 4 5.646E 6 -. 7159 
51 255 -1.219E 4 S.S85E 6 -. 7125 
52 260 -1.219E 4 5.524E 6 -.7083 
53 265 -1.219E 4 5.463E 6 -.7033 
54 270 -1.219E 4 5.402E 6 -.6975 
55 275 -1.219E 4 5.341E 6 -.6909 
56 280 -1.219E 4 5.28E 6 -.6836 
57 285 -1.219E 4 5.219E 6 -.6756 
58 290 -1.219E 4 5.158E 6 -.6669 
59 295 -1.219E 4 5.097E 6 -.6574 
60 300 -1.219E 4 5.036E 6 - .6472 
61 305 -1.219E 4 4.975E 6 -.6364 
62 310 -a..219E 4 4.914E 6 -.6248 
63 315 -1.219E 4 4.853E 6 -.6125 
64 320 -1.219E 4 4.792E 6 -.5995 
65 325 -1.219E 4 4.731E 6 -.5858 
62. 
STA X SHEAR MOMENT DEFL REACTION 
66 330 -1.219E 4 4.67E 6 -.5714 
67 335 -1. 219E 4 4.609E 6 -.5563 
68 340 -1. 219E 4 4.548E 6 -.5406 
69 345 -1.219E 4 4.487E 6 -.5242 
70 350 -3.739E 4 4.3E 6 -.5071 
71 355 -3.739E 4 4.113E 6 -.4894 
72 360 -3•739E 4 3.926E 6 -.4712 
73 365 -3.739E 4 3.739E 6 -.4523 
74 370 -3.739E 4 3.552E 6 -.4329 
75 375 -3.739E 4 3.365E 6 -.413 
76 380 -3.739E 4 3.178E 6 -.3927 
77 385 -3.739E 4 2.991E 6 -.3718 
78 390 -3.739E 4 2.804E 6 -.3506 
79 395 ~3.739E 4 2.618E 6 -.329 
80 400 -3.739E 4 2.431E 6 -.307 
81 405 -3.739E 4 2.244E 6 -.2847 
82 410 -3.739E 4 2.057E 6 -.2621 
83 415 -3.739E 4 1.87E 6 -.2392 
84 420 -3.739E 4 1.683E 6 -.216 
85 425 -3.739E 4 1.496E 6 -.1926 
86 430 -3.739E 4 1.309E 6 -.169 
87 435 -3.739E 4 1.122E 6 -.1452 
88 440 -3.739E 4 9.348E 5 -.1213 
89 445 -3.739E 4 7.479E 5 -9. 717E-2 
90 450 -3. 739E 4 5.609E 5 -7.297E-2 
91 455 -3.739E 4 3.739E 5 -4.869E-2 
92 460 -3.739E 4 1.87E 5 -2.436E-2 
93 465 -3.739E 4 0 0 3.739E 4 
63. 
D.2. CALCULATION ASSUMING PRISMATIC SYSTEM 
The following computer analysis for bending moment, shear, and 
vertical deflection assumes a prismatic system with second moments of 
area as calculated in Appendix C.S. 
The values are calculated for the design live load of 25,200 lbs. 
Shear is given in pounds; moment in inch-pounds; and deflection in 
inches. 
64. 
NUM INCREMENTS M - 93 
INCREMENT LGTH H - 5 
MOD OF ELASTICITY E - 3E 7 
MOMS OF INERTIA 
STA THR.U STA I 
0 93 5732 
-1 0 0 
LOADS 
STA THRU STA Q p T 
23 23 -25200 0 0 
46 46 -25200 0 0 
69 69 -25200 0 0 
-1 0 0 0 0 
ELASTIC RESTRAINTS 
STA THR.U STA s R 









STA X SHEAR MOMENT DEFL REACTION 
0 0 -1.564E-4 -7.82E-4 0 3.821E 4 
1 5 3.821E 4 1.91E 5 -2.491E-2 
2 10 3.821E 4 3.821E 5 -.0498 
3 15 3.821E 4 5.731E 5 -7.462E-2 
4 20 3.821E 4 7.641E 5 -9.937E-2 
5 25 3.821E 4 9.552E 5 -.124 
6 30 3.821E 4 1.146E 6 -.1485 
7 35 3.821E 4 1.337E 6 -.1728 
8 40 3.821E 4 L528E 6 -.197 
9 45 3.821E 4 1. 719E 6 -.2209 
10 50 3.821E 4 1. 91E 6 -.2445 
11 55 3.821E 4 2.101E 6 -.2679 
12 60 3.821E 4 2.292E 6 -.291 
13 65 3.821E 4 2.483E 6 -.3137 
14 70 3.821E 4 2.674E 6 -.3361 
15 75 3.821E 4 2.865E 6 -.3581 
16 80 3.821E 4 3.056E 6 -.3797 
17 85 3.821E 4 3.248E 6 -.4008 
18 90 3.821E 4 3.439E 6 -.4215 
19 95 3.821E 4 3.63E 6 -.4417 
20 100 3.821E 4 3.821E 6 -.4613 
21 105 3.821E 4 4.012E 6 ":'.4804 
65. 
STA X SHEAR MOMENT DEFL REACTION 22 110 3,821E 4 4.203E 6 -.4989 23 115 3.821E 4 4.394E 6 -.5168 24 120 1.301E 4 4.459E 6 -.534 25 125 1.301E 4 4.524E 6 -.5506 26 130 1.301E 4 4.589E 6 -.5665 27 135 1.301E 4 4.654E 6 -.5181 28 140 1.301E 4 4. 719E 6 -.5964 29 145 1.301E 4 4.784E 6 -.6103 30 150 1.301E 4 4.849E 6 -.6235 31 155 1.301E 4 4. 914E 6 -.6361 32 160 l.301E 4 4.979E 6 -.6479 33 165 1.301E 4 5.044E 6 -.6589 34 170 1.301E 4 5.109E 6 -.6693 
35 175 1.301E 4 5 .174E 6 -.6789 
36 180 1.301E 4 5.239E 6 -.6877 
37 185 1.301E 4 5.304E 6 -.6958 
38 190 1.301E 4 5.369E 6 -.7031 
39 195 1.301E 4 5.434E 6 -..7096 
40 200 1.301E 4 5.499E 6 -. 7154 
41 205 l.301E 4 5.564E 6 -. 7203 
42 210 1.301E 4 5.629E 6 -. 7244 
43 215 l.301E 4 5.694E 6 -. 7278 
44 220 1.301E 4 5.759E 6 -.7302 
45 225 1.301E 4 5.824E 6 -.7319 
46 230 1.301E 4 5.889E 6 -.7327 
47 235 -1.219E 4 5.828E 6 -.7326 
48 240 -1. 219E 4 5.767E 6 -.7317 
49 245 -1.219E 4 5.707E 6 -.73 
so 250 -1.219E 4 5.646E 6 -. 7274 
51 255 -1.219E 4 5.585E 6 -. 724 
52 260 -1.219E 4 5.524E 6 -. 7198 
53 265 -1.219E 4 5.463E 6 -. 7148 
54 270 -1.219E 4 5.402E 6 -.709 
55 275 -1.219E 4 5.341E 6 -.7024 
56 280 -1.219E 4 5.28E 6 -.6951 
57 285 -1.219E 4 5.219E 6 -.687 
58 290 -1.219E 4 5.158E 6 -.6781 
59 295 -1.219E 4 S.097E 6 -.6684 
60 300 -1.219E 4 5.036E 6 -.658 
61 305 -l.219E 4 4.97SE 6 -.6469 
62 310 -l.219E 4 4.914E 6 -.6351 
63 315 -1.219E 4 4.853E 6 -.6226 
64 320 -1. 219E 4 4.792E 6 -.6093 
65 325 -1.219E 4 4.731E 6 -.5954 
66 330 -1.219E 4 4.67E 6 -.5807 
67 335 -1.219E 4 4.609E 6 -.5654 
68 340 -1.219E 4 4.548E 6 -.5494 
69 345 -1.219E 4 4.487E 6 -.5328 
70 350 -3.739E 4 4.3E 6 -.5155 
71 355 -3.739E 4 4.113E 6 -.4975 
72 360 -3.739E 4 3.926E 6 or .4 79 
73 365 -3.739E 4 3.739E 6 -.4599 
74 370 -3.739E 4 3.552E 6 - .4403 
66. 
STA X SHEAR MOMENT DEFL REACTION 
75 375 -3.739E 4 3.365E 6 -.4201 
76 380 -3.739E 4 3.178E 6 -.3995 
77 385 -3.739E 4 2.991E 6 -.3784 
78 390 -3.739E 4 2.804E 6 -.3568 
79 395 -3.739E 4 2.618E 6 - . 3349 
80 400 -3.739E 4 2.431E 6 -.3125 
81 405 -3.739E 4 2.244E 6 -.2899 
82 410 -3.739E 4 2.057E 6 -.2669 
83 415 -3.739E 4 1.87E 6 -.2435 
84 420 -3.739E 4 1.683E 6 -.22 
85 425 -3.739E 4 1.496E 6 -.1961 
86 430 -3.739E 4 1.309E 6 -.1721 
87 435 -3.739E 4 1.122E 6 -.1479 
88 440 -3.739E 4 9.348E 5 -.1235 
89 445 -3.739E 4 7.479E 5 -9.894E-2 
90 450 -3.739E 4 5.609E 5 -.0743 
91 455 -3.739E 4 3.739E 5 -4.958E-2 
92 460 -3.739E 4 1.87E 5 -. 0248 
93 465 -3.739E 4 7.82E-4 0 3.739E 4 
